Aims. To derive the mass profiles of the different luminous and dark components in clusters, separately. Methods. The cluster mass profile is determined by using the Jeans equation applied to the projected phase-space distribution of about 3000 galaxies members of 59 nearby clusters from the ESO Nearby Abell Cluster Survey. The baryonic and subhaloes mass components are determined from the galaxies luminosity-density profiles through scaling relations between luminosities and baryonic and dark halo masses. The baryonic mass component associated to the intra-cluster gas is determined using X-ray data from ROSAT. Results. The baryon-to-total mass fraction decreases from a value of ≃ 0.12 near the center, to ≃ 0.08 at the distance of ≃ 0.15 virial radii, then it increases again, to reach a value of ≃ 0.14 at the virial radius. Diffuse, cluster-scale, dark matter dominates at all radii, but its contribution to the total mass content decreases outwards to the virial radius, where the dark matter in subhaloes may contribute up to ≃ 23%, and the baryons ≃ 14%, of the total mass. The dark mass, and diffuse dark mass profiles are well fit by both cuspy and cored models, with the latter providing a slightly better fit. The subhaloes mass distribution is not fit by either of them.
Introduction
With the increasing accuracy of cosmological numerical simulations, the study of the mass profiles of galaxies and galaxy clusters has become a powerful way to constrain cosmological models. By means of numerical simulations, Navarro et al. (1996, NFW hereafter) found that dark matter (DM hereafter) haloes are characterized by a universal mass-density profile, simply summarized by two power-law regimes, an inner one with exponent −1, and an outer one with exponent −3. The universality of the profile and the existence of a central cusp are thouroughly confirmed (Moore et al. 1999; Diemand et al. 2004; Navarro et al. 2004 ; but see Ricotti 2003) .
It is obvious that trustful observational knowledge of the mass profiles of the dark and baryonic matter in clusters provides crucial insights and constraints on their formation and evolution (see, e.g., Gao et al. 2004; Springel et al. 2001) . In particular, one aspect of the ΛCDM theory that can be tested is the presence of a cusp in the center of the DM halo. It is well known that on galactic scales mass profiles of the NFW form Send offprint requests to: A. Biviano, biviano@ts.astro.it ⋆ Based on observations collected at the European Southern Observatory (La Silla, Chile) are unable to account for the rotation curves of low-surface brightness galaxies (de Blok & Bosma 2002) , normal spirals Gentile et al. 2004) , and the fundamental plane of ellipticals (Borriello et al. 2003) .
On cluster scales, the situation is far more open. Cluster mass profiles have been obtained from the analyses of the Xray emitting intra-cluster (IC hereafter) gas, of the projected phase-space distribution of cluster galaxies, and of the gravitational lensing shear pattern of background galaxies. Most results indicate consistency with the NFW profile (see, e.g., Allen et al. 2000; Athreya et al. 2002; Biviano & Girardi 2003; Jee et al. 2005; Katgert et al. 2004, hereafter KBM; Pratt & Arnaud 2005; Rines et al. 2003) . In some cases a flatter than NFW profile is preferred (Broadhurst et al. 2005; Ettori et al. 2002; Kelson et al. 2002; Nevalainen et al. 2000) , or even required (Arieli & Rephaeli 2003; Demarco et al. 2003; Sand et al. 2004) . While isothermal profiles were rejected by some dynamical analyses (e.g. Rines et al. 2003; Broadhurst et al. 2005) , cored profiles generally were not (see however Dahle et al. 2003) , as far as the core of the matter distribution is small (Arieli & Rephaeli 2003; Biviano & Girardi 2003; KBM) .
Let us stress that in order to compare numerical simulations of collisionless particles with observations we must subtract the baryons contribution from the total mass distribution. In clusters this could be relevant, because of the substantial contri-bution from the cD (e.g. Sand et al. 2004 ) and the increasing importance of the IC gas in the outer regions (e.g. Łokas & Mamon 2003) .
Recently, KBM have derived the sinthetic mass profile of rich galaxy clusters, using the ESO Nearby Abell Cluster Survey (ENACS) data-set (Katgert et al. 1998) . KBM found that the total cluster mass profile is well fit both by a NFW profile, and by a Burkert (1995) profile. KBM also found that the total mass profile is very well traced by the luminosity profile of the early-type galaxies, i.e. the mass-to-light ratio is almost flat, when only early-type galaxies are selected, and the brightest members are excluded. The aim of this paper is to derive the mass distribution of the DM, of the baryonic matter, and of the clusters sub-haloes, separately. We use the same data-set of KBM analysed in a slightly different way (see section 2.1) in order to better deal with the aim of this paper. We use the X-ray data from Reiprich & Böhringer (2002) to determine the radial profiles of the IC gas, and the luminosity-density profiles of cluster galaxies to determine the mass distributions of the galaxy baryons and of the DM subhaloes.
The structure of this paper is as follows: in § 2 we determine the mass profiles of the different cluster components; in § 3 we fit models to the observed mass profiles; in § 4 we summarize our results and draw our conclusions. Throughout this paper we adopt H 0 = 70 km s −1 Mpc −1 , Ω m = 0.3 and Ω Λ = 0.7.
Mass profiles

Total mass
We use the data-set of 59 clusters used by KBM and described in Biviano et al. (2002) . These clusters are combined into a single 'ensemble' cluster, in order to improve upon the rather poor number statistics of individual clusters. This gives a total sample of ∼ 2900 member galaxies with positions and redshifts. Note that Sanchis et al. (2004) have recently shown that a stacked sample of several galaxy clusters can be used to determine a reliable average mass profile of individual clusters. The stacking is done in the space of normalized clustercentric distances, R/r 100 , and normalized velocities with respect to the cluster mean velocity, (v − v)/σ v , where r 100 is the radius of the sphere around the cluster centre with mean density equal to 100 times the critical density, and σ v is the global velocity dispersion. For the scaling of clustercentric distances, Biviano et al. (2002 ) used Carlberg et al.'s (1997 proxy for r 200 (the radius of the sphere around the cluster centre with mean density equal to 200 times the critical density), which is based on the assumption of an isothermal mass profile. However, the cluster mass profile determined by KBM is not isothermal, therefore, for the estimation of both r 100 and r 200 (needed for the determination of the IC gas mass profile, see § 2.2), we prefer to use Popesso et al.'s (2005) relation (see eq. 1 in that paper) which makes explicit use of the shape of the mass density profile determined by KBM. We find that the average value of σ v and r 100 for our cluster sample are 699 km s −1 and 2.25 Mpc, respectively, and the average virial mass is M(< r 100 ) = 6.5 10 14 M ⊙ .
To determine the mass profile of the ensemble cluster (M tot (r) in the following), we apply the isotropic Jeans equation on the early-type cluster members, as described in KBM. Isotropy for the early-type cluster members was inferred by KBM from the analysis of the whole velocity distribution of these galaxies. Support for the isotropic assumption also comes from the analysis of of the orbits of different cluster galaxy populations.
The resulting mass profile of the total gravitating matter is not significantly different from that derived by KBM.
Baryonic mass: IC gas
To determine the mass profile of the IC gas (M gas (r) in the following), we use the IC gas density profiles. Unfortunately these are available only for a subset of our 59 clusters sample. This subset is characterized by a larger average velocity dispersion than the whole sample. Since the shape of the IC gas density profile depends on the cluster X-ray temperature (Mohr et al. 1999) , and hence also on the cluster velocity dispersion, we cannot use the subset of clusters with available X-ray data as representative of the whole sample.
We proceed instead as follows. We convert the velocity dispersions of our 59 clusters into pseudo X-ray temperatures, using the empirical relation of Girardi et al. (1996) . We then extract from the sample of Reiprich & Böhringer (2002) a subsample of 59 clusters with a T X -distribution as close as possible to the pseudo-T X distribution of our 59 clusters. For all clusters of the extracted subsample the best-fit parameters of the β-profiles (Cavaliere & Fusco-Femiano, 1978) ,
are available from Reiprich & Böhringer (2002) . We compute the average values of these best-fit parameters (< β >= 0.625
−0.016 , and < r c >= 0.063
−0.008 r 200 ) and use them to define the average gas density profile, which is meant to be representative of our cluster sample. Integration of this average gas density profile provides the IC gas mass profile, apart from a constant, that we fix to the average gas-to-total mass fraction at r 200 as determined by Ettori (2003) for a sample of nearby clusters, 0.11
−0.02 . The resulting IC gas mass profile is less concentrated than the total mass. We caution however that most of the IC gas profiles on which M gas (r) is based, are in fact determined from data at radii smaller than ∼ r 500 (the radius of the sphere around the cluster centre with mean density equal to 500 times the critical density) corresponding to ∼ 1 Mpc in our cluster sample. Hence M gas (r > 1Mpc) must be considered an extrapolation.
Baryonic mass: galaxies
In order to determine the baryonic mass profile in the galactic component (M lum gal (r) hereafter) we consider separately the two classes of early-and late-types (we use the data-set of Thomas & Katgert 2005 for the morphological/spectral classification of ENACS galaxies). The baryonic mass profiles of these two galaxy classes are obtained following the prescriptions of KBM for the derivation of their number density profiles (see Appendix B in KBM; see also ). KBM's methodology accounts for both the incomplete azimuthal coverage of the ENACS observations (Katgert et al. 1996 (Katgert et al. , 1998 , and the fact that different clusters are sampled out to different fractions of their virial radii.
In KBM the number density and the luminosity density profiles were derived; here we proceed further by assuming (for each galaxy class) a relation converting a given galaxy luminosity into its baryonic component. For the early class we take Borriello et al.'s (2003;  see their eq.15) relation, and convert their magnitudes to the R-band magnitudes of ENACS galaxies (Katgert et al. 1996) , using the relations of Fukugita et al. (1995) . For late-type galaxies the relationship between luminosities and baryonic masses is taken from Salucci & Persic (1999; see their eqs. 3-5) .
Since the ENACS sample is not complete, we need to correct the density profiles for incompleteness. We estimate that the ENACS sample is roughly 75% complete down to an apparent magnitude R = 16.5 (see Fig. 4 in Katgert et al. 1998) , and then the completeness rapidly drops for fainter magnitudes. At the median redshift of our clusters (z = 0.064), R = 16.5 corresponds to an absolute magnitude M R = −20.8. For simplicity, we then assume 0.75 completeness down to M R = −20.8, and zero at fainter magnitudes.
In order to derive the luminosity of galaxies fainter than M R = −20.8, we use the R-band luminosity function of Lugger (1986) , that is a Schechter (1976) luminosity function with M ⋆ R = −21.9 and α = −1.24. We integrate it between M R = −20.8 and the magnitude corresponding to 0.01L ⋆ R , where L ⋆ R is the luminosity corresponding to M ⋆ R . We further assume that most faint cluster galaxies with M R ≥ −20.8 are dwarf spheroidals, i.e. early-type galaxies. We find that galaxies fainter than M R = −20.8 contribute 25% of the galactic baryonic mass in a cluster. We then correct the observed baryonic profiles for the faint galaxies contribution, and for the additional factor 1.33 = 1/0.75, that accounts for the overall spectroscopic incompleteness.
The resulting baryonic profile of early-type galaxies is similar to the total mass profile, but more centrally concentrated. The profile of late-type galaxies is instead less centrally concentrated than the total mass profile (see Fig. 1 ). Early-type galaxies dominate the galactic baryonic budget within the virial radius, but the contribution of late-type galaxies to this budget increases with radius, from only 3% near the center to ∼ 40% within the virial radius.
Dark mass: subhaloes
We compute the subhaloes mass profile (M sub (r) in the following), by adopting a Hubble-type dependent scaling relation between a galaxy luminosity and its halo mass (see Shankar et al. 2005) .
As in § 2.3, we apply the needed corrections for incompleteness. Galaxies fainter than the spectroscopy limit of the ENACS survey (M R ≃ −20.8) contribute roughly 30% of the Fig. 1 . The average galactic baryonic mass profiles of galaxy clusters, shown separately for early-(dash-dotted line) and latetype (dashed line) galaxies, together with the total mass profile (solid line), scaled down to the value of the baryonic mass in early-type galaxies at r 100 . subhaloes mass. An additional factor 1.33 must be included to account for the average incompleteness of the ENACS spectroscopic sample (see § 2.3).
Unlike in the field, galaxies in clusters are so densely packed together that their haloes risk to overlap. This is indeed what happens near the cluster centre, where 80% of our clusters are dominated by a very bright galaxy (BCG herafter) for which we estimate an average halo mass M h,BCG ∼ 7 10 12 M ⊙ . This halo mass corresponds to a virial radius ∼ 0.5 Mpc which is not unexpected, given that BCGs can be followed photometrically out to ∼ 0.4 Mpc (see, e.g., Gonzalez et al. 2005) . We hence make the simplified assumption that all the subhalo mass in the central cluster region, out to ∼ 0.4 Mpc, is indeed concentrated in a single, centrally located galaxy, and all the other haloes are stripped in that region. We model the BCG halo with a Burkert profile with scale radius r s = (2.6 ± 0.2)R e (Borriello et al. 2003 ), where we take R e = 18±2 kpc (Nelson et al. 2002) . Outside 0.4 Mpc, we estimate there is no crowding problem, the available volume is sufficient to accomodate the haloes of all cluster galaxies. We then smoothly interpolate between the mass profile at radii below and above this 0.4 Mpc radius, to avoid imposing too artificial a cutoff.
The uncertainties in the subhaloes mass profile arise from the uncertainties in the modelling of the central BCG in the inner regions, from the uncertainties in the galaxy density profiles in the outer regions, and from the uncertainties in the interpolation between the inner and outer mass profile in the region 0.4-0.7 Mpc. An uncertainty on the mass modelling arises as a consequence of the poorly known effects of tidal stripping of galactic haloes in clusters. This effect is seen in numerical simulations (see, e.g., Gao et al. 2004) , and in detailed gravitational lensing analyses (Natarajan et al. 2002; Gavazzi et al. 2004 ). Given the current, rather loose, observational constraints on this topic, we try a simplified approach to include the effects of tidal stripping. On average, Gao et al. (2004) estimate that 50% of the subhaloes mass is lost because of tidal stripping. As a zeroth order estimate of the effect of subhaloes stripping we therefore consider another subhaloes mass profile estimate, obtained by rescaling the original estimate by 1/2, except in the central region of the cD, which, being located at the cluster gravitational center, is unlikely to be stripped (see, e.g., Murante et al. 2004 ). The resulting subhaloes mass profile is steeper than the total mass profile, as a consequence of the avoidance of the central cluster regions by the subhaloes, where a single subhalo dominates.
Dark mass: diffuse
The DM profile is obtained from the total mass profile by subtracting to it the baryonic mass profile,
Baryons are a minor though not irrelevant component of the total cluster mass. On the other hand, a non-negligible fraction of the total cluster mass is in subhaloes. When both the baryonic and subhaloes masses are subtracted from the total mass, we obtain what we call the diffuse DM profile
Relative fractions
The mass fractions of the different cluster components relative to the total cluster mass are shown in Fig. 2 as cumulative mass fractions within the radii on the x-axis. For the sake of clarity, error bars are not plotted, but they are listed in Table 1 where we give the fractional contributions to the total mass of the different cluster mass components at four characteristic radii.
Among the baryonic components, the IC gas is clearly dominant, at all radii. However, very near the cluster center, galaxies contribute almost as much baryonic mass as the gas. This is due to the presence of the cD and/or very bright galaxies near the cluster center (the phenomenon also known as 'luminosity segregation', see, e.g., Biviano et al. 1992 Biviano et al. , 2002 . Baryons in galaxies and the IC gas are more, respectively less, centrally concentrated than the total mass; hence, it turns out that the ratio of the total baryonic mass to the total cluster mass has a minimum at ∼ 0.2 r 100 ≃ 0.45 Mpc. The ratio between the baryonic and total mass profiles is constant to within ±30% out to the cluster virial radius (we caution that M gas (r) is in fact not well known at large radii.)
The mass contribution from the subhaloes is large in the center, where the cD halo contributes, then decreases due to the requirement of not having overlapping haloes (see § 2.4), and then increases again, in the radial range ∼ 0.4-1.1 Mpc, when it finally reaches an approximately constant fraction of ∼ 0.2.
Diffuse DM is the dominant mass component at all radii. Its contribution to the total mass is almost monotonically decreasing with radius, except in the center, where the halo of the cD contributes significantly.
The relative contributions of diffuse and subhaloes DM change if one considers the scenario of subhaloes tidal stripping. In this scenario, the contribution of subhaloes to the total mass budget is similar to that of all baryons (see the values listed in brackets in Table 1 ) and diffuse DM contributes 3/4 of the total mass.
Model fits
We fit the observed DM profiles with two models, the NFW and Burkert profiles. Both models are characterized by the same asymptotic slope at large radii, ρ(r) ∝ r −3 , but the former is characterized by an inner cusp, the latter by a core. By comparing the results of the two model fits we can address the debated issue of the reality of the inner cusp that numerical simulations predict to exist in DM haloes.
The NFW mass density profile model can be written as:
and the Burkert profile as:
They are both characterized by a scale radius, r s or r 0 , which, in the case of the NFW profile is usually referred to as the inverse of the concentration parameter, c ≡ r 100 /r s , and, in the case of the Burkert profile, corresponds to the radius at which the central density drops by a factor 4. In order to determine the best fit parameters of the two profiles, we perform the fit to the observed circular velocity profiles, V c ≡ (GM/r) 0.5 . The V c profiles of the different cluster mass components are displayed in Fig. 3 . In order to determine the quality of the fit, we make use of the standard χ 2 analysis, applied on the mass density profiles, ρ(r), instead than on the circular velocity profiles, V c (r), since the error bars of ρ(r) at different radii are independent from one another, We start by considering the circular velocity profile corresponding to M dark (r). The best-fit NFW and Burkert profiles are displayed in Fig. 4 , top-left panel. The results are given in Table 2 , where the characteristic radii are all given in units of r 100 (≃ 2.25 Mpc). Both the NFW and Burkert models provide acceptable fits to the circular velocity profile corresponding to M dark (r). The best-fit NFW profile has a a concentration parameter c = 7 ± 1, which is in line with the predictions of cosmological simulations (c = 8.3 for clusters of M(< r 100 ) = 6.5 10 14 M ⊙ , see Dolag et al. 2004 1 ) . The Burkert profile provides a slightly better fit to the observed profile, but the difference with the NFW best-fit is marginal.
To fit the circular velocity profile corresponding to the diffuse DM component, both the NFW and the Burkert mass distributions become more concentrated (see Fig. 4 , top-right panel, and Table 2 ). This is because the subtracted subhaloes mass distribution is less concentrated than the total DM distribution. The best-fit r 0 value of the Burkert profile is small, but still significantly different from zero. The best-fit NFW profile has a concentration c = 9 ± 2. The value of concentration does Table 1 . Relative contributions of the different cluster mass components at four characteristic radii. Values in brackets are for the case that 50% of the subhaloes mass (except the cD halo) is tidally stripped.
not change significantly, if we consider the scenario in which subhaloes are partially stripped (c = 8 ± 2, see Fig. 4 , bottomleft panel, and values in brackets in Table 2 ). Neither the NFW nor the Burkert model provide acceptable fits to the circular velocity profile corresponding to M sub (r) (see Fig. 4 , bottom-right panel, and Table 2 ). The rather large bestfit values of r s and r 0 (for the NFW and Burkert model, respectively) reflect the fact that subhaloes (except the cD) tend to avoid the central cluster region (this was already quite clear from Fig. 2 ).
Summary and conclusions
We have obtained the mass profiles of the different cluster components, namely the baryons (in galaxies and the IC gas), the Table 2 . Results of model fits to the observed mass profiles. Values in brackets are for the case that 50% of the subhaloes mass is tidally stripped.
subhaloes (galactic halo DM), and the diffuse DM, out to the cluster virial radius, r 100 ≃ 2.25 Mpc.
We have drawn a total budget of the different mass components at different radii. The diffuse, cluster-scale, DM is the dominant cluster mass component at all radii. The total baryonic mass fraction, resulting from the summed contribution of the galactic and IC baryons, sum up to 14% of the total cluster mass within the virial radius. The baryonic mass fraction first decreases, and then increases again with radius, changing by ±30% within the cluster virial radius. The galaxy baryonic component is always a small amount of the total mass, except near the cluster center, where galaxies contribute almost as much baryonic mass as the IC gas (because of the centrally located cD). Considering clusters as a cosmic laboratory, the low relative fraction of baryons in galaxies indicates how the star-formation in the Universe has been inefficient, since only ≃ 14% of the baryonic mass content in clusters has been transformed in long lived stars.
The baryonic mass profile of early-type galaxies has a shape similar to that of the total mass profile, if the BCG is excluded (in agreement with e.g. van der Marel et al. 2000 , KBM, Biviano & Girardi 2003 , Łokas & Mamon 2003 . On the other hand, the baryonic mass profile of late-type galaxies is less concentrated than the total mass profile. Most of galaxy baryons in clusters are contributed by early-type galaxies. The IC gas-to-total mass fraction increases with radius as r 0.4 beyond ∼ 0.2 r 100 , in agreement with previous findings (e.g. Our results are for clusters on average, and it is possible that individual clusters are characterized by different types of mass profiles (see, e.g., Ettori et al. 2002) . Our results provide new constraints relative to most recent analyses (e.g. van der Marel et al. 2000; KBM) in that we derive the dark, rather than the total mass distribution. Łokas & Mamon (2003) did consider the dark matter distribution, but only of one cluster (Coma), while we have examined a sample of 59 clusters. Moreover, they did not subtract the contribution of subhaloes from the DM profile.
Improvements over the current analysis can come from the use of larger samples of clusters extracted from the Sloan Digital Sky Survey (e.g. Abazajian et al. 2004) , which should allow a factor ∼ 5 increase in size with respect to the ENACS data-set used here (see Goto 2005) .
